Ecosystem accounting is an emerging field that aims to provide a consistent approach to analysing 13 environment-economy interactions. One of the specific features of ecosystem accounting is the 14 distinction between the capacity and the flow of ecosystem services. Ecohydrological modelling to 15 support ecosystem accounting requires considering among others physical and mathematical 16 representation of ecohydrological processes, spatial heterogeneity of the ecosystem, temporal 17 resolution, and required model accuracy. This study examines how a spatially explicit ecohydrological 18 model can be used to analyse multiple hydrological ecosystem services in line with the ecosystem 19 accounting framework. We use the Upper Ouémé watershed in Benin as a test case to demonstrate our 20 approach. The Soil Water and Assessment Tool (SWAT), which has been configured with a grid-21 based landscape discretization and further enhanced to simulate water flow across the discretized 22 landscape units, is used to simulate the ecohydrology of the Upper Ouémé watershed. Indicators 23 consistent with the ecosystem accounting framework are used to map and quantify the capacities and 24 the flows of multiple hydrological ecosystem services based on the model outputs. Biophysical 25 ecosystem accounts are subsequently set up based on the spatial estimates of hydrological ecosystem 26 services. In addition, we conduct trend analysis statistical tests on biophysical ecosystem accounts to 27 identify trends in changes in capacity of the watershed ecosystems to provide service flows. We show 28 that the integration of hydrological ecosystem services in an ecosystem accounting framework 29 provides relevant information on ecosystems and hydrological ecosystem services at appropriate 30 scales suitable for decision-making. 31 32 33 34 35
density factor controls the spatially distributed flow separation in the SWATgrid setup (Rathjens et al., SWAT Landscape model was used to delineate the watershed into spatially interacting grid cells. Flow (Pattanayak and Kramer, 2001; IWMI, 2007; Zang et al., 2012) . Crop water stress is a major limitation 23 to crop production in rainfed agricultural systems (IWMI, 2007) . We modelled service flow in 24 croplands, which is referred to in this study as upland agricultural fields, and in inland valley lowlands 25 (Rodenburg et al., 2014) . Whereas inland valley lowlands in the study area are predominantly used for 26 rice cultivation, the land cover input data did not differentiate the types of crops grown in upland 27 agricultural fields. For our simulations we assumed that all upland agricultural fields were used for 28 only maize cultivation (which is the most common crop in our study area in terms of extent of 29 cultivated land area). For maize cultivation, the growing period (GP), i.e. the time-period between crop 30 establishment and harvesting, was 103 days whereas GP for rice cultivation was 123 days. For both 31 maize and rice, crop establishment was in the month of June. Service flow of crop water supply was 32 modelled as the total number of days during a growing period in which there was no water stress (i.e., 33 days when the total plant water uptake was sufficient to meet maximum plant water demand). Service 34 flow depends on the specific type of crop cultivated. This approach is based on the model output 35 variable, daily water stress, and is a modification of Notter et al. (2012) . For each day, the model used 36 Eq. (1) to compute water stress for a given grid cell, j (Neitsch et al., 2009) . After model simulation, 37 service flow was computed using Eq. (2).
39
where W strs is daily water stress, T act is plant water uptake or actual transpiration (mm), and T max is 40 maximum plant water demand or maximum transpiration (mm) .
of days when potentially there will be no crop water stress irrespective of the crop type to be 1 cultivated. This approach has management relevance. Our approach was based on the commonly used 2 method, FAO (1978) and FAO (1983) , for determining the length of growing period in rainfed 3 agricultural systems. Unlike that method where moisture supply was based on precipitation, moisture 4 supply in our approach was based on simulated spatiotemporal soil moisture dynamics. We used this 5 approach for our study because at the local scale terrestrial ecosystem components have very little 6 effect on precipitation attributes such as quantity, location, timing etc. For a given day, the SWAT 7 model used Eq.
(3) to compute water balance. From the water balance components we computed the 8 total available soil moisture and subsequently calculated potential water stress using Eq. (4). Service 9 capacity of crop water supply was then computed using Eq. (5).
where ∆SW is the amount of residual moisture added to the soil profile on day i (mm); n is number of 11 days in the year; R day is the amount of precipitation (mm); Q surf is the amount of surface runoff (mm);
12
ET a is actual evapotranspiration (mm); W seep is percolation exiting soil profile (mm); Q gw is return flow 13 (mm).
14
W pstrs = 1 − [(∆SW + ET a ) ET p ⁄ ] if ∆SW > 0,(4)
15
W pstrs is potential daily water stress; ∆SW is the amount of residual moisture added to the soil profile 16 (mm); ET a is actual evapotranspiration (mm); ET p is potential evapotranspiration (mm).
18 where S c is service capacity (days yr -1 ); N is the number of days d 1 to d n in a year when potentially 19 there will be no water stress. 20
Household water supply 21
This hydrological ecosystem service refers to the amount of water extracted before treatment for 22 household consumption (drinking and non-drinking purposes) (EC et al., 2013) . This measurement 23 boundary excluded other sources of water (e.g. tap water) where economic agents or inputs (e.g. water 24 treatment facilities) were used to modify the state of the water resources before household 25 consumption. We acknowledge that inflows to reservoirs of water distribution and processing facilities 26 that deliver tap water can be considered as a hydrological ecosystem service. However, we excluded 27 this from our study. This is because in our study area, the population obtain about 90% of their 28 drinking water needs from groundwater, with about 5% from small lakes, ponds and rivers collectively 29 referred to in this study as surface water (Judex and Thamm, 2008) . A distinction was made between 30 service capacity and service flow from groundwater, and service capacity and service flow from 31 surface water.
32
To model service flow from groundwater and surface water, data on water consumption per capita, the study area (Hadjer et al., 2005) . The data represented household water consumption (including 36 drinking and non-drinking purposes) and lacked information on the actual points of extraction.
37
Therefore, in modelling the service flow, we assumed that there is a positive spatial correlation 
30 where N dn is the amount of nitrogen lost through denitrification (kg ha -1 ), NO 3 is the amount of nitrate 31 in the soil (kg ha -1 ), β dn is the rate coefficient for denitrification, γ tmp is the nutrient cycling temperature 32 factor, γ sw is the nutrient cycling water factor, γ sw,thr is the threshold value of nutrient cycling water 33 factor for denitrification to occur, C org is the amount of organic carbon (%). The values of β dn and γ sw,thr 34 are user defined values and were adjusted during calibration; β dn was 1.4 and γ sw,thr was 1.1.
35
Service capacity was estimated as the denitrification efficiency, which in this study was computed cropland areas receive additional nitrogen or nitrates through fertilizer application. Therefore, for a 40 given grid cell, denitrification efficiency determines the proportion of the total nitrate that is 41 denitrified. As a measure of service capacity, denitrification efficiency gives an indication of the 42 suitability of a spatial unit for denitrification.
43 44 Drainage density factor which affects the flow separation ratio 7.5 5 6 
